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Description 

The invention relates to a method for the manufacture of soft, deformable SSI^ aluminium sheet having a compo- 
sition belonging to the knovm AA .5000 series of Al-Mg alloys with a Mg content of over 0.8% Mg. and to sheet of this 
type. The sheet is suitable for deforming purposes such as. for example, the manufacture of bodywork parts for cars 
by pressing. ' r 

In this specification, in relation to the aluminium sheet of the type described above, 'soft' is understood to describe 
the supply condition of the sheet. Within the frameworit of this application, the supply cbndition 'soft' relates to the 
condition following recrystallization annealing, which may sometimes be followed by a light post-treatment such as 
flattening. In its 'soft- condition, the material is ready for shaping by deformation involving curvature in two planes 

In this specification, 'sheaf Is understood to be not onV sheets obtained by cutting off. but also strip-shaped sheet 
still on. coils until cut off. 

Ih this specification, 'SSF' (Stretcher Strain Free) is used in its meaning normal in this art, i.e. to define sheet that 
in cold plastic deformation, remains free of type A Stretcher Strain marks, so-called LOder lines. These grain-like un- 
evenesses m the surface of the material occur when the material flows and are not acceptable for visible outer bodywork 
parts because they remain visible after painting. 

LiJder lines are also known in steel. Forthis reason, deformation steel is usually temper rolled. This is not customary 
with aluminium because this cold vrark-hardening reduces deformability to a significant degree 

In their soft condition Al-Mg alloys of the 5000 series are veiy susceptible to LOder lines. With Al-IWIg altoys the 
conventional way to make material unsusceptible to type A LOder lines is to ensure that the giain size of the material 
IS greater tt^an 50 jxm at finished gauge. With a grain size of over 50 urn the risk of type A LOder lines is then low This 
IS achieved by recrystallization annealing at agauge greaterthan the finished gauge, so^alled intermediate annealing 
Thereafter, in a second cold rolling stage the material is brought to finished gauge with a precisely determined reduction 
in the range of 1 5 to 20% and is again recrystallization annealed, so-called final annealing. If reduced more the grain 
size IS smaller than 50 ^m and Luder lines occur. If reduced less the grain size of the material after recrystallization is 
foi'!f.l V orange-peel phenomenon occurs on pressing. All In all this classic way of rnanufacturing 

SSF Al-Mg sheet is a rather critical procedure which can easily lead to complaints from sheet users about LOder lines 
or orange-peel effects after they have processed the sheet. 

US-A-41 51013 describes AA 5000 Al-Mg alloy SSF sheet. The document discusses the disadvantages and failure 
of a process for dealing wHh type A lines involving annealing at 500»C (or 300»C) then quenching in cold water and 
ftnally light^ rolling or roller-levelling. The new process proposed by the document includes a brief annealing followed 
by a slight but significant stretching, of about 0.5%. The annealing is said to involve quenching at rates sbwer than a 
cold-water quench. The details of the specific process of continuous annealing described imply that a very rapid heating 
rate during annealing was not used. The grain size of this product is not mentioned 

.u describes an Al-Mg alloy SSF sheet having a content of Zn (0.5 to 2.0%) which places it outside 

. ! °* 5° Comparative tests in this document suggest that a 

AA 5000 sheets having a grain size of less than 50 ^un are not SSF. 

CO, ,^'"■'^-259700 proposes that, after a T4 solution heat treatment and straightening of Al-Mg alloy containing 2 to 
6 /, Mg, a post-heat-treatment involving rapid heating and cooling is performed; this post-heat-treatment is an artificial 
ageing, not a recrystallization heat treatment. The alloy is of the so-called heat-treatable type. The alloys of the present 
invention are not suitable for T4 treatment. yauiuiBk.ios.eni 
US-A.4021 271 descrtoes a different kind of aluminium product containing 2-9% Mg. and also containing 0 75-5% 
aluminide-formmg transition elements such as Fe, Co. Ni. whose function is cause formation of fine aluminide particles 
in casting. On annealing, the cold-worked structure recrystallizes to give an ultra-fine structure with an average grain 
size of less than IS jun. Continuous and batch annealing is mentioned, but not heating or cooling rates are given The 
present invention excludes aluminium products of this kind in which aluminide-foiming elements are present in order 
to achieve a fine gram size. 

The object of the present invention is to provide an improved SSF Al-Mg sheet material and an improved method 
for Its manufacture. 

The inventiori in one aspect is set out in claim 1. Preferably the grain size of the sheet after recrystallization an- 
nealing at finished gauge is less than 40 pm. In this specification, the grain size is understood to be the average grain 
diameter according to ASTM Ell 2. ■«» ovBiaga grain 

In the invention, the aluminium sheet is recrystallization annealed at finished gauge in a continuous annealing 
furnace wrth a heating rate in the heating section of the continuous annealing furnace of over 50»C/s and preferably 
of over 80 C/s. whereafter the sheet is rapidly quenched. Preferably the aluminium sheet is warmed up homogeneously 
in the continuous annealing furnace by means of inductive heating r » / 

.,ii>tl!^°"^*' an intermediate recrystallization in cold rolling may be performed, tt is preferred that the sheet is recrys- 
tallization annealed solely at finished thickness. 
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Surprisingly it has been found that continuously annealed material made by the method of the invention, of which 
the grain size is smaller than 50 ^im, does not display Luder lines on cold plastic deformation. Up to now specialists 
have generally assumed that continuously annealed material would not be Stretcher Strain Free on account of the 
small grain size which is obtained in continuous annealing. 

s The invention has many advantages. First of all the deformabllity of the sheet In accordance with the invention is 

excellent arid the elastic limit is high. As a result of the small grain size the material does not display any orange-peel 
effect on deformation, so that in the deformed zones a very smooth surface appearance is obtained. Secondly, because 
of the very short annealing time at the surface of the sheet, practically no oxide layer forms on the sheet so that no 
discolorations occur and fewer problems arise during pressing. Also, in the case of continuous annealing after cold 

10 rolling, the rolling oil gives far less problems because no spots are left as a result of partial combustion. When there 
is no intermediate annealing, energy consumption is much lower and the throughput time ot the product much shorter. 

The method of production of sheet of the invention is generally in accordance with conventional principles, except 
as specified, for aluminium alloy sheet of this type, which is hot-rolled to a suitable thickness for the subsequent cold- 
rolling. 

IS 

Example 



Trials were conducted with AA 5051 A material; this is a material from the AAA 5000 series containing 1.8% Mg, 
and standardized in DIN as AlMg 1 .8. Fe + Ni + Co is less than 0.50%. The material was cold rolled with 75% reduction 
20 . from an initial thickness of 4 mm to a final thickness of 1 mm. 
The following samples were manufactured: 



Sample 


intermediate annealing 


Final annealing^) 


Annealing method^) 


Figure 


A 




X 


batch 


1A 


B 


X 


X2) 


batch 


1B 


C 


X 


X2) 


continuous 


1C 


D 




X 


continuous 


ID 



Notes: 

1) at finished gauge 

2) reduction took place following intermediate annealing, of 1 5% to 20% 

3) method for final annealing 
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In the final annealing, the heating rate in the batch method (samples A and B) was 40°C/hour, and for the contin- 
uously annealed samples (C and D) SO^'C/s. The heating temperatures and holding times were 1 hour at 4O0'*C in the 
batch annealing and 1 to 15 seconds at 440**C in the continuous annealing. In the continuous annealing, the quenching 
was by water with a cooling rate of 400 °C/s (in the invention, a minimum cooling rate in the quenching of 200** C/s is 
preferred). 

Tensile tests were conducted, the results of which are given in accompanying Figures 1 A to 1 D and in the Table 
below. 

Figures 1 A to 1 D show the transition from the elastic to the plastic part of the stress/strain graphs of the samples 
A to D. 

It was found that only sample A has a distinct yield point (horizontal plateau); for the specialist this is an indication 
that Luder lines can occur on cold plastic deformation. 

Sample B, a material manufactured in accordance with the state of the art, does not have any horizontal plateau. 
However, horizontal plateaux were also not found with samples C and D, which embody the invention. Sample D which 
was not subjected to interrnediate annealing is the best embodiment of the invention. 



Table 



Sample 


Elongation at break'') % 


Luder lines type A^) 


Grain size jim 


Erichsen values mm^) | 


A 


22-23 


X 


40 


9.6/9.6/9.6 


B 


20-21 




100 


9.5/9.6/9.6 


C 


20-21 




45 


10.3/10.2/10.2 1 
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2) in tensile test 

3) for a sample thickness of 1 .2 mm. 
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Table (continued) 




Notes: 

1) wUh an initial measuring length of 50 mm 

2) m tensile test 

3) for a sample thickness of 1 .2 ram. 



The Tab,a shows tha. rn particular cor,tir,uous annea.ir^g without Intermediate anneaHng (Sample D) produces a 

high elongation at break. 



,n ord-er to ascertab. wHh certa.ty the presence of type A lir^es. a tensile test was earned outJnwNc^^^^^^^ 
a oollshed surface was pulled perpendicularly to the 



As a result o1 the intermediate annealing the grain ! 
the connponent. 



25 Claims 

1. Method for the manufacture of soft, deformab.e SSF aluminium sheet which has the following composH.on. In 
percent by weight: 
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Mg 


0.8 - 5.6 % 


Si 


0.4 % max 


Fe + Ni + Co 


0.75 % max in total 


Cu 


0.2 % max 


Mn 


1 .0 % max 


Cr 


0.35 % max 


Zn 


0,25% max 



Other elements 0.05 % max each and 0.1 5 % max in total 
remainder Al, 

which method comprises the steps ot 
overSCC/s. 

(ill) quenching the sheet after the annealing step (ii). 



steps (I) to (Hi) being such that the grain size of the sheet after step (ill) Is less than 50 ^m. 
2 Method according to claim 1 wherein the content of Fe + NI . Co is not more than 0.50% in total. 

SO ..... 

3. Method according to claim 1 or claim 2 which does not include any stretching of the sheet following step (...) 

4. Method according to any one of claims ^ to 3 wherein said heating rate in step (ii) is over 80^C/s. 



5. Method according ,o any one ot c^ims 1 to 4 wherein the aluminium sheet is heated homogeneously In the con- 
tinuous annealing lurnace by inductive heating. 
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6. Method according to any one of ciainns 1 to 5 wherein the sheet is cold rolled without Intermediate annealing, 
recrystallizatlon annealing being conducted solely at finished thickness. 

7. Method according to any one of claims 1 to 6 wherein said grain size after step (Hi) is less than 40 \im. 



Patentanspruche 

1. Verlahren zur Herstellung von weichem. verformbarem SSF-Aluminiumblech, das in Gew.-% die folgende Zusam- 
rnensetzung hat: 



Mg 


0,8-6.6%, 


Si 


0.4 % max., 


Fe + Ni -I- Co zusammen max. 


0.75 Gew.-%. 


Cu 


0,2% max., 


Mn 


1,0% max.. 


Cr 


0,35 % max., 


Zn 


0,25 max.. 



andere Elemente jeweils maximal 0.05 % und insgesamt maximal 0.15 %. 
Rest Al. 

welches Verfahren die Schritte aufweist: 

(i) Kaltwalzen des Bleches. optional mit Zwischengluhung, auf die Enddlcke, 

(il) Rekristallisationsgluhung bei Enddlcke in einem kontlnuierltchen Gtuhofen mit einer Heizgeschwtndigkeit 
von fiber 50* C/s. 

(ill) Abschrecken des Bleches nach dem GIQhschritt (ii), 
wobei die Schritte (i) bis (iii) so sind, daB die Korngr63edes Bleches nach dem Schritt (iii) wenigerals 50|im betragl, 

2. Verfahren nach Anspruch 1, worin der Anteil von Fe + Ni + Co insgesamt nicht mehr als 0,50 % betragt. 

3. Verfahren nach Anspruch 1 oder Anspruch 2. das keine irgendwie geartele Streckung des Bleches nach dem 
Schritt (Iii) umta3t. 

4. Verfahren nach einem der Anspruche 1 bis 3. wprin die Heizgeschwindigkeit in Schritt (ii) fiber 80" C/s betragt. 

5. Verfahren nach einem der Anspruche 1 bis 4, worin das Aluminiumblech in dem kontinuierlichen Gluhofen durch 
Induktionsheizung homogen erwarmt wird. 

6. Verfahren nach einem der Anspruche 1 bis 5. worin das Blech ohne Zwischenglfihung kaltgewalzt wird. wobei die 
RekristallisatbnsglQhung nur bei Enddlcke ausgef Qhrt wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, worin die KorngroBe nach Schritt (iii) weniger als 40 p.m betragt. 



Revendications 

1. Proc6de de fabrication d'une feuille d'aluminium SSF molle et d6formable qui a la composition suivante donn§e 
en pour-cents en poids : 



Mg 


0.8 - 5.6 % 


Si 


au plus 0.4 % 


Fe + Ni + Co 


au total au plus 0,75 % 


Cu 


au plus 0.2 % 


Mn 


au plus 1 .0 % 
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(suite) 


Cr 


au plus 0.35 % 


Zn 


au plus 0,25 %. 



d*autres 6l^ments k raison de 0,05 % chacun au plus et au total 0,15 % au plus, le rests §tant de raluminium, 
lequel proc6e comprend les Stapes sivantes : 

(i) laminage k froid de la teuille. 6ventuellement avec un recuit Interm6dialre, jusqu'^ l'6palsseur finale, 

(ii) recuit de recristalllsation k I'epaisseur finale dans un four de recuit continu avec une vitesse de chauffage 
supSrieure k 50 **C/seconde, 

(iii) trempe de la teuille issue de Tetape de recuit (ii), les Stapes (i) k (ill) Stant telles que la taille des grains de 
la feuille apr^s I'etape (iii) est inferieure k 50 \im. 

2. Precede conforme a la revendication 1 dans lequel la teneur totale en Fe + Ni -i- Co n'excSde pas 0,50 %, 

3. Proc6d6 conforme k la revendication 1 ou 2 ne comprenant aucune Stape d'Stirement de la feuille aprSs I'Stape (ill). 

4. Proced^ conforme k Tune quelconque des revendications 1^3 dans lequel ladite vitesse de chauffage de Tetape 

(ii) est supSrieure k 80 ®C/seconde. 

5. Precede conforme k Tune quelconque des revendications 1 k 4, dans lequel la feuille d'aluminlum est chauffSe 
de fa9on homogene dans le four de recuit continu par chauffage par induction. 

6. ProcSde conforme k Tune quelconque des revendications 1 ^5 dans lequel la feuille est lam inSe gi froid sans recuit 
intermSdiaire, le recuit de recrlstallisation Stant etfectud seulement lorsque I'Spaisseur finale est atteinte. 

7. ProcSdd conforme k I'une quelconque des revendications 1 ii 6 dans lequel ladite taille des grains apr6s Tetape 

(iii) est infSrieure k 40 jim. 
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